Objectives: To investigate whether baseline social participation modifies the effect of a long-term structured physical activity (PA) program on major mobility disability (MMD). Methods: 1,635 sedentary adults (70-89 years) with physical limitations were randomized to either a structured PA or health education (HE) intervention. Social participation was defined categorically at baseline. High social participation was defined as attending organized group functions at least once per week and visiting with noncohabitating friends and family ≥7 hr per week. Anything less was considered limited social participation. Participants performed a standardized walking test at baseline and every 6 months for up to 42 months. MMD was defined as the loss in the ability to walk 400 m. Results: There was a significant intervention by social participation interaction (p = .003). Among individuals with high levels of social participation, those randomized to PA had significantly lower incidence of MMD (hazard ratio [HR], 0.43 [95% confidence interval (CI), 0.27-0.68]; p < .01) than those randomized to HE. Individuals with limited social participation showed no mobility benefit of the PA intervention when compared with their HE counterparts (HR, 0.92 [95% CI, 0.77-1.11]; p = .40). Discussion: Our findings suggest that baseline social participation is an important factor for the success of a PA intervention aimed at delaying mobility disability.
Reduced mobility is a common characteristic among older adults that is associated with increased disability, morbidity, hospitalization, and mortality (Newman et al., 2006) . To date, structured physical activity (PA) remains the only definitive intervention shown to delay the onset of mobility disability among this population (Pahor et al., 2014) . However, a considerable margin of variability in response still exists. In attempt to understand this variability, it is imperative that potential effect modifiers that explain the differential response to a structured PA program are studied.
Social participation is one potential factor that may explain the variability in response to a structured PA intervention. The term social participation describes the frequency and duration of social interaction with persons other than a spouse (Utz, Carr, Nesse, & Wortman, 2002) . Previous literature suggests that it is likely reflective of a personal desire to interact with others (Gow, Corley, Starr, & Deary, 2013) . The conceptualization of social participation may be similar to other commonly interchanged terms (e.g., social engagement, community engagement, community participation), yet it is distinguishably different from others (e.g., social support, social network, social integration) depending on how their definition falls into a previously proposed taxonomy of social activities (Levasseur, Richard, Gauvin, & Raymond, 2010) . Among the many definitions of social participation found in the literature, the underlying principle is to obtain measurement of an individual's involvement in activities that provide interaction with other members of society or the community in both a formal and informal context-two statistically and conceptually distinct dimensions. Therefore, an assessment of social participation can be achieved through assessment of frequency and duration of contact with friends and family, and frequency of participation in civic organizations (Levasseur et al., 2010) .
Previous research has shown that low levels of social participation are associated with an increased risk in physical inactivity (Kim, Subramanian, Gortmaker, & Kawachi, 2006) , mobility impairment (Avlund, Lund, Holstein, & Due, 2004) , and mortality (Levasseur et al., 2010) . As the transition to older adulthood naturally leads to reductions in both physical function and social participation, there is likely a reciprocal exacerbating relationship between them (Mendes de Leon, Glass, & Berkman, 2003) . In fact, since previous longitudinal studies have shown that high levels of social participation are associated with higher amounts of PA (Kaplan, Lazarus, Cohen, & Leu, 1991) and better mobility (Sorensen, Axelsen, & Avlund, 2002) , it is plausible that social participation may enhance the effect that PA has on mobility.
Although previous research supports high levels of social participation being beneficial to mobility, the exact mechanism underlying this effect remains unclear (Mendes de Leon et al., 2003) . One possible explanation may be related to Festinger's Social Comparison Theory that suggests that individuals self-enhance by comparing themselves to others (Festinger, 1954) . In our application of this theory, individuals with high levels of social participation may be more prone to engage in social comparison (both upward and downward) that in the context of meaningful social involvement is positively interpreted, thus providing a sense of purpose and control in life and efficacy in abilities that relate to disablement (Mendes de Leon et al., 2003) . In other words, in a group-based program with measured goals or positive achievements, being more prone to social interaction may have a positive effect through downward comparison to others who are worse off and unable to reach the desired goal ("I'm better off than this person"), or through upward comparison to others who are better off and achieving the desired goal ("I'm as good as this person" or "I'm going to be as good as this person") (Taylor & Lobel, 1989) . In older adults, this positive effect would manifest itself as an enhanced sense of control and self-efficacy that is known to mitigate the impact of age-related changes in physical health on daily function and disability (Seeman, Unger, McAvay, & Mendes de Leon, 1999) . For example, Mullen and colleagues found that older adults with higher walking-related self-efficacy demonstrated better lower-extremity function and fewer lower-body functional limitations (Mullen, McAuley, Satariano, Kealey, & Prohaska, 2012) . In the context of PA, self-efficacy is known to increase independent of social participation (McAuley, Lox, & Duncan, 1993) and appears to mediate the positive effects by further enhancing the improvement in physical function (McAuley et al., 2007) . A previous intervention designed to specifically target self-efficacy through social support yielded results consistent to this idea, however, the analyses considered no objective measure of social participation (Brawley, Rejeski, Gaukstern, & Ambrosius, 2012) . In addition, it should be noted that most PA programs are behaviorally designed to promote group cohesiveness through socialization as a result of group exercise being more effective in achieving desired physiological (e.g., blood pressure, lipoproteins) and functional (e.g., gait speed, balance) health outcomes than exercising alone. With the rational assumption that individuals who engage in more social activity are more prone to social cohesion, then perhaps the most social individuals would experience the greatest desired effect in a group exercise setting (Burke, Carron, Eys, Ntoumanis, & Estabrooks, 2006) . These findings suggest that the combination of high levels of social participation and induced self-efficacy by a PA program could have a greater impact on reducing disability in older adults. However, certain program design features with underlying social drivers such as the inclusion or absence of health-related goals may cause the potentially positive interaction on mobility disability referenced in the literature to behave differently (de Vries et al., 2012) .
In a group-based program with specific health goals and known benefits (e.g., walking minutes per day, sessions per week), high social participation may provide benefit through conversation focused on positive affirmation of the intervention (Kampfe, 2015) . For example, in a walking program where participants are instructed to meet specific weekly goals, participants with high social participation may be more inclined to interact with other participants and discuss the success of achieving their goals and expected health benefits. This positive interpretation of social comparison could exist through both upward comparison that serves to increase motivation or hope, and downward comparison that serves to ameliorate self-esteem and may ultimately result in a heightened sense of purpose and belonging (Kawachi & Berkman, 2001; Taylor & Lobel, 1989) . In contrast, high social participation may have less impact in a group-based program without these goals, such as health education (HE) seminars (Horhota, Stroup, & Price, 2013) . In these situations, it is possible that individuals compare themselves to others and evaluate themselves in a social context that may be either demotivating or distracting. Perhaps, in the absence of specific goals, individuals with high levels of social participation attending HE seminars may be more prone to discuss their health problems in a negative way through upward comparison to others who are better off ("I'm worse than this person"), or through downward comparison to others with more and/or further progressed health problems ("I'm going to end up like this person") (Taylor & Lobel, 1989) . This negative interpretation of social comparison may result in participants having a negative sense of their future course (Beaton, Tarasuk, Katz, Wright, & Bombardier, 2001 ). Regardless of the mechanism driving the effect within a HE program, the interesting question is whether everyone in a PA program benefits from the social context of group-based PA or whether social participation operates as an individual difference variable and moderates the effect of the intervention on mobility. In this context and throughout the entirety of this paper, we will view individuals with high social participation as having an innate propensity (i.e., trait) to initiate conversation with others and thereby elicit more positive feedback on their program participation (Levasseur et al., 2010) .
The objective of this study was to investigate whether baseline social participation modifies the effect of a long-term structured PA program or, for comparative purposes, a HE program on major mobility disability (MMD). Essentially, we argue that high social participation in a structured PA program leads to a greater affinity to discuss the positive effects of the intervention, which in turn leads to positively interpreted social comparison that reinforces self-efficacy and mitigates the impact of age-related changes in health. While it is already established that a structured PA program is associated with a reduced risk of MMD compared to a successful aging HE intervention (Pahor et al., 2014) , we hypothesize that this effect will be greater for participants engaged in high levels of social participation compared to those with limited levels of social participation. The results from this study will provide insight on the role of social participation on the potential benefits of PA interventions for preventing mobility disability among older adults.
Methods
The present study is a secondary analysis of data from the LIFE study-a Phase III, multicenter, randomized controlled trial designed to assess the treatment efficacy, effectiveness, and safety of a long-term moderate-intensity PA program compared to a successful aging HE program. The LIFE study methods have been previously described in detail (Pahor et al., 2014) .
Study Participants
Participants were recruited regionally from eight field sites participating in the LIFE study (University of Florida, Gainesville, FL; Northwestern University, Chicago, IL; Pennington Biomedical Research Center, Baton Rouge, LA; IL; University of Pittsburgh, Pittsburgh, PA; Stanford University, Palo Alto, CA; Tufts University, Boston, MA; Wake Forest University, Winston-Salem, NC; and Yale University, New Haven, CT). Targeted community mailing was the primary recruitment strategy with a total of 14,831 individuals that were screened for eligibility. Eligibility criteria included age (70-89 years), summary score < 10 on the EPESE short physical performance battery (SPPB) (Guralnik, 1995) , sedentary lifestyle, ability to walk 400 m unassisted, and a Modified Mini-Mental State Examination (3MSE) score of no more than 1.5 SD below education-and race-specific norms. The ability to walk 400 m unassisted is considered an excellent proxy for community ambulation that can be used to identify individuals more likely to remain active in the community. Screening, recruitment yields, and baseline characteristics have been previously described in detail (Pahor et al., 2014) .
After screening, 1,635 men and women (78.9 ± 5.2 years) who were at high risk for MMD (SPPB score = 7.4 ± 1.6) were randomized at baseline to receive either a PA or HE intervention. Participants performed a standardized walking test (400-m walk test) at baseline and follow-up clinic visits (every 6 months, over 42 months).
Social Participation
There is a variety of definitions to quantify the degree of social participation in older adults (Levasseur et al., 2010) . For this study, we chose a multidimensional construct that incorporates both formal and informal interactions that is consistent with several other studies (Donnelly & Hinterlong, 2010; Nilsson, Avlund, & Lund, 2011; Utz et al., 2002; Zettel-Watson & Britton, 2008) . All components of this definition were specific to a 4-week recall period and obtained through five questions taken from the Community Healthy Activities Model Program for Seniors (CHAMPS) questionnaire (Stewart et al., 2001 ). Formal components included frequency (number of times per week in a typical week during the past 4 weeks) and duration (number of total hours per week in a typical week during the past 4 weeks) of attending organized group functions: senior center, volunteer work, church or church activities, or other club or group meetings. Informal components included frequency and duration (both same as formal) of visitation with friends and family (other than those who share habitation).
The primary predictor of social participation was analyzed in two ways. First, a continuous score was created ranging from 0 to 1170 points to reflect the total number of minutes of social participation per typical week. The total minutes spent in informal and formal components were summed according to the following (as a median of the hour span): No = 0 min, < 1 hr = 30 min, 1-2.5 hr = 105 min, 3-4.5 hr = 225 min, 5-6.5 hr = 345 min, 7-8.5 hr = 465 min, and ≥9 hr = 585 min. Since formal social participation was assessed across four activities, we calculated it as an average to weight it similarly when combining it with informal social participation.
A categorical variable was created by assigning one point for performing one or more formal activities at least once per week and one point for attaining cumulative informal activity of ≥7 hr in a typical week. Table 1 summarizes the breakdown of the social participation categories. Those without any formal or informal social participation were assigned a score of zero. A score of 2 points represented an individual with higher levels of both formal and informal social participation and was the highest 20 th percentile of the sample. The decision to label these individuals as having "high social participation" and those with 1 or less points as having "limited social participation" was based on two population-based statistics: First, the 2014 American Time Use Survey reported that older adults spend approximately 5 hr per week socializing and communicating with friends (US Department of Labor, Bureau of Labor Statistics, 2014). Thus, individuals with a positive affirmation of spending ≥7 hr in a typical week visiting with friends and family would be considered to have high levels of social participation compared to the national average. Second, the Cornell National Social Survey showed that a majority (64%) of older adults are actively involved in social groups (Survey Research Institute, Cornell University, 2014). Since they would be in the minority, those not participating in formal social groups were labeled as having limited social participation. We also report results from sensitivity analyses where we derived more and less conservative ways to categorize high social participation.
Interventions
Participants were randomized at baseline to either a HE or PA intervention. The average length of participation was 2.6 years. A behavioral change approach was used in both interventions integrating social cognitive theory principles along with group-mediated counseling in the promotion of PA among older adults (Rejeski et al., 2003) . The early phase of the intervention also used elements derived from the transtheoretical model to supplement this approach (e.g., preparation and action phases included consciousness raising, building of self-efficacy, informational exchange, and other cognitive approaches). The later phases were supplemented with ongoing reinforcement, social support, and related behavioral approaches. All approaches were provided through individually tailored social problem-solving strategies. All participants were provided an initial 45-min face-toface information session with a LIFE study member where details of the interventions, including expectations, were explained in-depth. There were no specific directions given to either encourage or discourage social interaction among participants for either intervention. The HE intervention was designed to provide attention and HE and typically consisted of small groups of 10-20 individuals. Participants attended supervised center-based sessions on a weekly basis for the first 26 weeks, transitioning to monthly sessions thereafter. Seminars were given on a variety of health topics related to older adults, including nutrition, health care system navigation, travel safety, medication use, foot care, preventive medicine and where to go for reliable health information. Seminars did not include topics on PA. However, participants did receive basic information about PA participation at randomization. Each session also included a 5-10 min instructor-led program of upper extremity flexibility exercises. Program adherence was reinforced through regular telephone contact with the participants.
The PA intervention typically consisted of smaller groups of 5-10 individuals and included walking, strength, flexibility, and balance training with a required attendance of two center-based visits per week. Additional home-based activity session were also incorporated in the interventions starting with one per week during weeks 1-4, two per week during weeks 4-8, and three to four per week from week 9 until the end of the study. Participants were asked to walk using ratings of perceived exertion (RPE), a common self-regulation tool, as a method to maintain a moderate intensity (Borg RPE of 13) at least 5 days per week for a minimum 150 min per week (Borg, 1988) . The supervised center-based PA sessions were individualized and progressed toward a goal of 30 min of walking, 10 min of lower extremity strength training (ankle weights; 2 sets of 10 repetitions; Borg RPE of 15-16), 10 min of balance training, and large muscle group flexibility exercises done at each session. The intervention started with lighter intensity exercises and gradually progressed in intensity over the first 2 to 3 weeks to ensure the safety and effectiveness of the PA intervention. Participants of each intervention were categorized by social participation score as follows: PA-high social participation (n = 126), PA-limited social participation (n = 692), HE-high social participation (n = 112), and HE-limited social participation (n = 705).
Outcomes
MMD was defined as the inability to complete a 400-m walk test within 15 min without sitting, receiving help from another person, or using assistive device (with the exception of canes). Participants were asked to walk 10 laps of a 20-m course (40-m/lap) at their usual pace being permitted to stop and rest if necessary but not permitted to sit. If MMD could not be objectively measured, an alternative objective method of assessment was used based on the inability to walk 4 m in less than 10 s. If objective assessment was unobtainable, a final method of assessment was used based on self-, proxy-, or medical record-reported inability to walk across a room. Persistent MMD was defined as two consecutive assessments of MMD or MMD being followed by death. Censoring was defined as the time to last follow-up assessment for MMD.
Adherence
Adherence was assessed through attendance records taken at the supervised center-based sessions for both interventions. Adherence to the PA intervention was also assessed at baseline and follow-up using objective and subjective measures. Adherence was objectively measured through a hip-worn accelerometer, a sensor that measures body movements, over 7-day periods until 24 months follow-up using a definition of 760 or more counts per minute for moderate activity (Matthew, 2005) . Subjective measurement of adherence was done until 36 months follow-up using self-reported minutes of walking and performing weighttraining activities using the CHAMPS questionnaire.
Data Analysis
Baseline characteristics were summarized by intervention arm (PA vs. HE) within each social participation group and were compared using ANOVA for continuous variables and χ 2 tests for categorical variables. To test for a modification effect, comparing the between interventions effect by social participation group provides a reasonable approach to maintain randomization. Intervention attendance, selfreported minutes in walking and weight training activities (CHAMPS), and accelerometer-determined time spent at ≥760 counts per minute were analyzed using mixed-effects analysis of covariance models for repeatedly measured outcomes. Models contained the following terms: field center and sex (both used to stratify randomization), baseline value of the relevant PA measure, clinic visit, intervention, social participation, intervention by social participation interaction, intervention by clinic visit interaction, social participation by clinic visit interaction, and intervention by social participation by clinic visit interaction. Least square means were used to estimate the mean minutes of activity (by either CHAMPS or accelerometry) for each intervention arm by social participation status at each visit. Contrasts were used to estimate the mean difference in minutes of activity between the two intervention groups by social participation status.
The effect of the intervention on the primary outcome of MMD (i.e., time until the initial ascertainment of MMD) was tested using Cox regression models based on a twotailed significance level of 0.05 using the intention-to-treat approach. A second model included additional covariates of race, systolic blood pressure, depression, education, comorbidity, obesity, and cognition-variables known to be associated with social participation or significantly different between intervention groups within social participation group. Adjustments were made for main effects of the covariates as well as covariate by arm interactions-a recommended approach for adjustment of confounding in subgroup analyses. The effect of social participation was examined two ways. The first used the continuous and the second used the dichotomized (high vs. limited) version of social participation. We also assessed whether the Cox regression models satisfied the proportional hazard assumption by testing the group by event time interaction. The potential moderating effect of baseline social participation of LIFE interventions was examined by formally testing the intervention by social participation interaction using Wald chi-square tests. Field center and sex were used as stratification factors in all models. The proportion of event-free participants-those who never failed the 400-m walk test during the follow-up-was described using Kaplan-Meier estimates. 400-m walk test failure time was measured from the time of randomization; follow-up was censored at the last successfully completed 400-m walk test. Time until the first occurrence of persistent MMD was analyzed similarly. All analyses were conducted using SAS 9.4 (Cary, NC).
Results

Baseline Characteristics
Detailed comparisons showing intervention group similarity at baseline have been described previously (Pahor et al., 2014) . The scoring summary for social participation components by group (high vs. limited) within each arm of the intervention is presented in Table 1 . We found the division of scores adequately represented the social participation categories created based on the national sample of older adults (Nimrod, Janke, & Kleibe, 2008) . The continuous social participation scores were significantly higher among the high social participation groups compared to the limited social participation groups in each arm of the intervention (p < .01). As per the high social participation requirement of visiting with friends and family for 7 or more hours per week, both the PA and HE high social participation group had 100% fulfillment compared to their PA and HE limited social participation counterparts who only had 5.6% and 5.5% fulfillment, respectively. Attendance of all organized group functions were reported at significantly higher frequency (p < .01) among high social participation groups compared to low social participation groups within each arm of the intervention with the exception of visiting the senior center. Table 2 summarizes the baseline characteristics between each arm of the intervention for each social participation group. Baseline characteristics were still reasonably balanced between the randomization groups within the subgroups. At baseline, the PA high social participation group had 14.0% fewer non-Whites and 12.3% lower systolic blood pressure scores than the HE high social participation group. Also at baseline, the PA limited social participation group had 4.7% fewer individuals with depression scores than the HE limited social participation group. There were no differences in age, BMI, or SPPB scores between intervention arms for either social participation group.
Intervention Adherence
The group attendances of scheduled sessions were 63% and 73% for the PA and HE groups, respectively, with similarity across social participation groups (PA: 62% high vs. 64% limited; HE: 71% high vs. 73% limited). Predicted values from mixed-effects analysis of covariance for objective and subjective measures of intervention adherence for high and limited social participation groups within each arm of the intervention are illustrated in Supplementary Figure 1 . Based on CHAMPS questionnaire responses, over the initial 24-month intervention period the PA high social participation group maintained Note: Obese was defined as body mass index ≥ 30; fair/poor health was self-perceived/self-reported; elevated systolic blood pressure was defined as > 150 mmHg; comorbidity was defined as the presence of ≥ 2 chronic diseases; low cognition was defined as a Modified Mini-Mental State Exam score < 90; poor physical performance was defined as Short Physical Performance Battery score ≤ 7; slow gait speed was defined as a 400-m walk test completion time of < 0.8 m/s; depression was defined as a Center for Epidemiological Studies-Depression Scale score ≥ 16; accelerometry of moderate intensity activity was based on the cut point of ≥ 760 counts per min. Results show differences between high and limited social participation groups within intervention arm. *p < .05. 
MMD
A total of 794 participants in the PA group and 803 participants in the HE group completed the 400-m walk test, making MMD data available for 97.1% and 98.3% of participants in each group, respectively. Prior to the last planned follow-up visit, 49 individuals (6.0%) were censored within the PA group along with 55 individuals (6.7%) in the HE group. The reported annual loss to follow-up was 4.0%. Table 3 shows details about the event rates of MMD and persistent MMD for both high and limited social participation groups within each intervention arm in addition to the interventions overall. There was a significant intervention by social participation interaction for the dichotomized representation of social participation (p = .003) while the continuous representation exhibited a borderline trend towards significance (p = .054). Figure 1 shows the interaction effect between continuous social participation scores and the interventions on MMD ( Figure 1A ) and persistent MMD ( Figure 1B ). There was a stronger intervention effect for higher social participation for both MMD (p = .05) and persistent MMD (p = .16). Overall, 246 participants in the PA group (30.1%) and 290 in the HE group (35.5%) experienced MMD (HR, 0.82 [95% CI, ; p = .03), as per previous report (Pahor et al., 2014 Note: Event and rate refer to number and percent of individuals who were unable to complete a 400-m walk test within 15 min without sitting, receiving help from another person, or using assistive device (with the exception of canes). Rate % refers to the rate per 100 person years. Adjusted analyses included the following covariates: comorbidity, obesity, cognition, systolic blood pressure, race, depression, and education. Hazard ratios reported for total (overall between intervention effect) are from the previous report of Pahor et al. 2014 . *p < .05.
the interaction effect between social participation groups and the interventions on MMD (Figure 2A ) and persistent MMD ( Figure 2B ).
Discussion
This study demonstrated that baseline social participation influences the effect of both a structured PA program and, for comparative purposes, a HE program on reducing the incidence of MMD among vulnerable older adults. More specifically, older adults with high levels of social participation have greater mobility benefits from long-term PA compared to HE-a 57% risk reduction compared to 8% for those with limited social participation. The benefit for high social participation was also considerable in Figure 2 . Moderating effect of categorically measured social participation on a long-term moderate physical activity intervention to delay the onset of major (A) and persistent (B) mobility disability. There was no effect of baseline social participation on the incidence of major mobility disability (MMD) (p > .40) but there was a significant intervention by social participation interaction (p = .003). Highly social participants randomized to PA had significantly lower incidence of MMD (hazards ratio [HR] , 0.43 [95% confidence interval (CI), 0.27-0.68]; p < .01) compared with their highly social HE counterparts. Individuals who had limited social participation showed no benefit of the PA intervention (HR, 0.92 [95% CI, 0.77-1.11]; p = .40). There was also a modification of social participation on persistent MMD (p = .038). Individuals with high levels of social participation randomized to PA had significantly lower incidence of persistent MMD compared to those randomized to HE (HR, 0.37 [95% CI, 0.19-0.74]; p < .01). The results of the intervention on individuals with limited social participation showed no effect of PA on persistent MMD compared to those randomized to HE (HR, 0.80 [95% CI, 0.62-1.03]; p = .09). HE = health education; PA = physical activity.
Figure 1.
Moderating effect of continuously measured social participation on a long-term moderate physical activity intervention to delay the onset of major mobility disability (A) and persistent mobility disability (B). Solid line indicates log-hazard ratio, dotted lines indicate 95% confidence intervals. There was a stronger intervention effect for higher social participation for both major (p = .05) and persistent (p = .16) mobility disability. HE = health education; PA = physical activity.
comparison to the overall effect of the PA intervention for which there was an 18% risk reduction. This social participation interaction may be influenced by baseline participant characteristics including race, hypertension, and depression. However, the analysis compared effects between randomized intervention arms, not between social participation groups, so therefore baseline characteristics were unlikely to have any meaningful effect on the results. Interestingly, the social participation interaction was not due to differences in adherence to PA as assessed through both objective and subjective measures. This result was surprising considering that social participation is likely driven by intrinsic motivation. In addition, the results of our sensitivity analyses showed that contrasting different cutpoints to capture higher versus lower social participation had only a minimal effect on the association with the results still being significant. Thus, a support system of friends, family, and community might be beneficial to enhancing the effects of PA on mobility outcomes. To our knowledge, this was the first study to examine the influence of social participation on the potential benefit of long-term PA on mobility disability. The results implicate higher levels of social participation as a key component to further the benefit of PA on prevention of mobility disability among older adults. The measure of social participation used for this study closely mimics previous reports used in several other studies (Donnelly & Hinterlong, 2010; Nilsson et al., 2011; Utz et al., 2002; Zettel-Watson & Britton, 2008) . While there is no universal agreement on a definition and thus no normative data for social participation, the categories used in this study were guided by nationally representative samples of older adults' time use and frequency of leisure activities (Nimrod et al., 2008; Survey Research Institute, Cornell University, 2014 ; US Department of Labor, Bureau of Labor Statistics, 2014). In our sample, 78% of participants reported visiting with non-cohabitating friends and family at least once per week. By comparison, the prevalence among a sample of 430 adults surveyed over a period of 8 years (initial age, M = 66.2 years) was found to be lower post-retirement, at around 53% (Nimrod et al., 2008) . However, comparison to this sample could be arguedwhen considering the remaining 22% of our sample that reported no weekly visitation, the prevalence among a sample of 189 randomly surveyed older adults (age, M = 72.6, SD = 5.8 years) was a conflicting 6% (Survey Research Institute, Cornell University, 2014) . It is worth noting, however, that the former sample may be outdated or biased toward more social individuals, as the surveys were conducted mostly via face-face interview between 1986 and 1994. With the exception of this conflict, our comparisons remain consistent. While our analysis found that 59% of participants attended church and 23% performed volunteer work on a weekly basis, the reported national prevalence for these activities was much lower, at 17% and 19%, respectively (Nimrod et al., 2008) . Furthermore, while 27% of our sample reported no social group participation at all, the national prevalence was higher, at 36% (Survey Research Institute, Cornell University, 2014) . In brief, our sample appeared to report slightly higher rates of social participation than nationally representative sample populations of older adults, which is likely attributed to the fact that participants in our study were social enough to participate in an intervention versus only complete a survey.
The results of this study contribute to previous knowledge about social participation and onset of disability (Mendes de Leon et al., 2003; Strawbridge, Cohen, Shema, & Kaplan, 1996) . Since no previous work has directly examined the combined effects of social participation and PA on disability, our study provides a new understanding for how social participation can contribute to mobility benefits attributed to a PA intervention. Indeed, high levels of social participation are associated with a better mobility response to a structured PA intervention aimed at reducing MMD. With little evidence supporting the role of social participation in the etiological processes of age-related diseases, the effects in the current study are more likely related to the ability to modify the functional consequences of diseases (Mendes de Leon et al., 2003) . Perhaps among individuals with high social participation in a structured PA program, their propensity to engage in social situations may translate to a greater proclivity for conversation that naturally focuses on the positive effects of the intervention. As a result, these individuals find their social involvement to be meaningful and procure a heightened sense of purpose and self-efficacy in their functional ability (Mendes de Leon et al., 2003) . This theory could also be interpreted as an extension of Festinger's Social Comparison Theory in which self-enhancement occurs through the positive interpretation of both upward and downward comparison (Festinger, 1954) . As such, within the PA intervention, individuals with high social participation may be more prone to social interaction and experience a further benefit from discussing the positive achievements of themselves and those around them. The positive interpretation of this discussion may enhance their sense of control and self-efficacy and enable them to better mitigate age-related changes in physical function (Seeman et al., 1999) .
In contrast of high social participation, a growing body of literature suggests that limited social participation (e.g., social isolation) may dull the meaningfulness that older adults hold in their social environments and thus progressively diminish their confidence in remaining functionally independent-a mechanism that has been shown to be critical to functional ability and mobility (Mendes de Leon et al., 2003; Seeman et al., 1999) . Furthermore, given the notion that high social participation has a positive effect on an individual's self-efficacy, the addition of a PA program that also enhances self-efficacy could theoretically combine for added effects on disability outcomes. Unfortunately, since self-efficacy measures were not included in this analysis, these interpretations can only remain speculative.
Our findings showed that while high levels of social participation are associated with an enhanced benefit of PA, they are concurrently associated with a somewhat higher risk of MMD among older adults randomized to HE. We find this result surprising since we expected high levels of social participation to have a beneficial effect on MMD in the HE group but to a lesser degree than the PA group. Perhaps the effect of social participation may be more complex and that the organizational context in which the concept is observed can have both a positive and negative influence on the disability process. When facilitated in the context of PA, it could lead to an enhancement of benefit, while in the context of HE it could serve to reinforce functional decline, possibly through the effect of social comparison and conversation with similar others on self-efficacy (Collins, 1996) .
These findings should be interpreted in the context of several limitations. As this study was a secondary analysis of subgroups, it is by nature not based on a priori randomized comparisons. Another limitation is the consistency of reported social participation behavior was unknown prior to the 4-week recall period used for measurement. Although the social behavior patterns of older adults were previously shown to be relatively constant (Strawbridge et al., 1996) , our analysis does not account for this. With no group differences in cognition and with the similarity between self-reported and objective (accelerometerderived) moderate intensity activity, we do not believe a between groups difference in recall bias existed. Also, since the participant recruitment strategy was vulnerable to selfreferral, our sample may not fully represent the entire older adult population. In particular, the recruitment process was dependent on the willingness of older adults to participate in an activity outside their home, which may naturally exclude the most isolated individuals and result in a sample with higher formal social participation levels than the population, which would essentially diminish the effect size. However, it appears this was not the case as our sample actually reported a greater number of individuals with no formal activity compared to a population sample. The amount of center-based face-time individuals experienced may also be an important factor to consider, as the individuals randomized to PA experienced center-based facetime twice weekly throughout the length of the study, while the HE group received center-based face-time once a week for the first 26 weeks and then once or twice a month from there after until the end of the study. It is also worth mentioning that the environment of the PA intervention may have provided an enhanced social component that perhaps could not exist for some individuals when translating the program to those who choose to exercise alone versus in groups. Lastly, our results are limited to a selective population of older adults with low to moderate physical function at risk of experiencing loss of mobility.
The main strength of the present study is the large sample of participants and composite measure of social participation. The LIFE study is the largest and longest duration randomized trial of PA in older adults to date. The objective measurement of MMD used is reliable, validated, and clinically important to the health status of older adults (Newman et al., 2006) . Although there is no agreement on the definition and underlying dimensions, the subjective measurement of social participation used is consistent with the context of others in the literature (Shankar, McMunn, & Steptoe, 2010) and an improvement upon definitions used in earlier studies, in that it measures statistically and conceptually unique domains of social engagement and community involvement (Utz et al., 2002) . Adherence rates to the PA intervention were similar or higher than those seen in other older adult interventions of shorter duration (Messier et al., 2004) .
In conclusion, older adults with high levels of social participation and low to moderate physical function-yet are still able to walk a quarter mile-show an enhanced effect of structured moderate-intensity PA against the onset of MMD compared to similar individuals receiving a HE intervention. Given that there were no differences in the amount of PA between social participation groups, the effect was not likely due to adherence. Rather, the effect may be due to a positive influence in individuals who have a tendency to engage in conversation and contact with others. These findings are important considering that older adults, the fastest growing segment of the population (National Center for Health Statistics, 1998) , are at a greater risk of experiencing social isolation which is exacerbated with disability (Levasseur et al., 2010) . These findings may imply that encouraging social activities as part and outside of a PA program may incur additional benefit (e.g., exercising in groups, adopting formal and informal social activities, etc.). Future studies should aim at investigating the dualpronged effect of an intervention designed to increase both PA as well as social participation.
Supplementary Material
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